Although they might occur in every age, most of the cases are diagnosed in pre-menopausal women between 34 and 40 years [9] , while malignant ovarian cancer usually is diagnosed in patients between 50 and 70 years.
Introduction
Borderline ovarian tumors (BOT) were first described in 1929 by Taylor, which, due to the characteristics of the tumor, called it "semi malignant" or "borderline" [1] ; subsequently, this group of tumors of the ovary were classified in 1973 by the World Health Organization as "low malignant potential ovarian tumor" [2] and, finally, in 2003 WHO separates them from carcinomas and call them borderline tumors. [3] Another term accepted to designate these independent ovarian neoplasms is "atypical proliferating (or atypical proliferative) tumor". [4] Borderline ovarian tumors represent 10-20% of epithelial ovarian neoplasm's [5] with an incidence of 1.8-4.8 out of 100.000 women per year [6] and typically have an excellent prognosis.
Unlike the invasive carcinomas, borderline ovarian tumors are characterized by cytoplasmic and nuclear atypia, (element of differential diagnosis with benign tumors), absence of stromal invasion, (element of differential diagnosis with malignant tumors), unusual degree of proliferation of the epithelial cells with cellular stratification including remarkable architectural atypia and the formation of papillary protuberances. The absence of obvious stromal invasion is a principal diagnostic criterion for BOTs. Histologically, most of them are serous or mucinous, but endometrioid, clear cell, Brenner (transitional cell) or mixed histotypes can be also seen. [7] To date, there are still no prospective randomized trials to clinical management, although they have an excellent prognosis, with a 5-year overall survival rate of almost 100% in early-stage disease (stage I-II) and between 86% and 92% in more advanced disease (stage III-IV). [8] APTSs in 25-30% of cases they are bilateral, macroscopically they appear as cysts with serous contents with friable and exuberant papillary projections. (Figure 1 ) These papillae are mostly observed on the inner surface of the cyst, but in 70% of cases also in the external one. Rarely these serous BOTs show solid components.
Histologically APTSs show the presence of papillae with extensive epithelial stratification and budding, the epithelial cells have low or moderate atypias, in the fluid a detachment of single cells can be seen, there must not be any sign of invasion ( Figure 2 ), but microinvasion (not more than 10 mm 2 ) can be present in up to 15% of cases. F [13, 16, 17] Some patients with stage I microinvasive tumors have developed progressive disease and microinvasion for some authors can be considered as risk factor for patients with high-stage disease. [18] The cells in APTS can show an epithelial and occasionally a mesothelial differentiation. The nuclei of these cells present more atypia than those seen in benign cystoadenomas, the nuclei are usually basally located and ovoid or rounded, the nucleoli are only occasionally prominent and the mitosis are not so common (usually less than four per ten high-power fields, HPF). [4] APTSs are occasionally also associated to the presence of endosalpingiosis or non invasive peritoneal implants, referred as the phenomenon of autoimplantation can be observed as the presence of foci resembling non invasive desmoplastic peritoneal implants with a welldelineated border on the ovarian surface, this phenomenon does not have any clear known pathogenesis nor clinical significance. [13, 19, 20, 16, 17] Signs of necrosis are very rare. [4] APTSs are usually positive for CK7, OC-125 and cytokeratin and express estrogen and progesterone receptors. [4] Non-invasive MPSCs, are serous borderline tumors characterized by the presence of micropapillae arising from central papilla, when this specific pattern constitutes either a 5 mm or grater area or 10% or greater proportion.
In invasive MPSCs (synonymous of low-grade serous carcinoma) the stromal invasion must exceed 5 mm.
Non-invasive MPSCs represent 14% of all BOTs. The mean age at diagnosis is about 42 years, in 70% of cases they are bilateral and 50% of patients are in stage I at the time of diagnosis, while the other 50% are in stage II or III.
On gross appearance, non-invasive MPSC s look like cysts with papillae without or with little necrosis just like APSTs but in contrast to them they present mostly with peritoneal implant and bilaterality; the mean size is about 8 cm.
Histologically they are neoplasm with high degree of epithelial proliferation in a non hierarchical branching architecture, with micropapillary and cribriform patterns. [4] The differential diagnosis should be done with serous cystadenomas, serous mucinous or endometrioid borderline tumors and with malignant neoplasm.
Survival in serous BOTs differs significatively from serous invasive ovarian cancer and is characterized by an excellent prognosis. 
Mucinous borderline tumors
Mucinous BOTs are less common than their serous counterparts. They are also called "atypical proliferative mucinous tumor" (APMT) or "mucinous tumor of low malignant potential". They are often associated to pseudomyxoma peritonei (PMP) a condition characterized by the presence of mucinous ascites and mucoid peritoneal implant They can be divided into two subtypes:
• Gastrointestinal type
• Endocervical-like type (müllerian or seromucinous)
The first type in 95% of cases is unilateral and appears macroscopically as a multicystic large neoplasm (mean size of about 20 cm) with a smooth capsule.
The cysts contain inside a mucinous material and their surfaces very rarely show the presence of papillary projections.
Histologically, the stromal invasion is absent, the epithelium is stratified, mucinous gastrointestinal-type, with villoglandular of papillary intraglandular growth; the cells show moderate atypia in their nuclei. [4] Their biological behaviour is very benign with a survival rate of nearly in early stages 100%. The tumors in advanced stage have a mortality of 50%, but mostly are associated with pseudomyxoma peritonei and probably all these case can be considered of primary gastrointestinal and not ovarian origin (usually appendix but also pancreas and biliary tract). For this reason is generally accepted that the true primary APMT in advanced stage do not really exist and that those cases with mucin or benign mucinous epithelium implant on the peritoneum can be explained by the rupture of the cyst and should not be classified as PMP or as APMT with peritoneal implants. [4] Atypical proliferative mucinous tumors of endocervical-like type are more frequently bilateral, smaller and are often associated with endometriosis. Macroscopically and microscopically they resemble APTS with a combination of endocervical mucinous and serous epithelium. These neoplasms very rarely present with peritoneal implants or signs of microinvasion (defined as the presence of single or small cluster of cells within the stroma) and have a benign behaviour.
In same cases these tumors can show a severe atypia and epithelial overgrowth still without any sign of stromal invasion, these cases are referred to "non invasive or intraepithelial carcinoma" and have still an excellent prognosis in stage I. [4] The immunohistochemistry pattern of mucinous BOTs is characterized by the expression of cytokeratin (CK) 7 and 20, but no positivity for estrogen and progesterone receptors and Ca125; in the differential diagnosis with intestinal tract tumors this can be very helpful (the neoplasms of intestinal tract origin express CK20 but not CK 7) . [4] The differential diagnosis should be done with metastatic mucinous carcinomas to the ovary and benign or invasive mucinous neoplasms of ovarian origin.
Endometrioid borderline tumors
Endometrioid tumors of the ovary are usually carcinomas, while borderline forms are very rare; they can arise from endometriosis and can also be associated to endometrial hyperplasia.
Endometrioid BOTs, also called Atypical Proliferative Endometrioid Tumors (APET), account for the 0,2% of ovarian epithelial neoplasms. [4] Macroscopically they appear as cyst sometimes with solid compounds with hemorrhagic brown fluid inside, in about 60% of cases endometriotic foci are also associated. [4] Histologically they have glandular and papillary proliferation with different grade of complexity, with moderate or mild atypia in their cells, sometimes they show also squamous metaplasia and necrosis ( Figure 3 ). A microinvasive APET can also be described if the glandular proliferation becomes confluent and the confluent area is less than 5 mm (otherwise it becomes a carcinoma) and this does not seem to be a negative prognostic factors.
Also in case of APET with intraepithelial carcinoma (referred to the presence of severely atypical cells, but without any sign of invasion) the prognosis remains benign.
The immunohistochemistry pattern of endometrioid BOTs is characterized by the expression of CK7, CK20 and p16 only focally. [4, 21] 
Clear cell borderline tumors
Clear cell tumors of the ovary are usually carcinomas, while borderline forms are very rare; they are usually associated to endometriosis and sometimes to endometrial disorders.
Clear cell BOTs, also called Atypical Proliferative Clear Cell Tumors (APCCT), represent the 0,2% of ovarian epithelial neoplasm, their incidence is higher in elder people than other BOTs (mean age 60-70 years).
Macroscopically, they usually appear as cyst with a smooth lobulated surface, clear fluid inside and the cut surface has minute cyst in a rubbery stroma (honeycomb appearance). Microscopically, they are characterized by the presence of tubular glands lined by more layers of hobnail cells, with a more crowded architecture, more epithelial proliferation and more atypia in their cells, when compared to their benign counterparts (clear cell adenofibromas). [4] As for other BOTs microinvasive APCCT or APCCT with intraepithelial carcinoma can be described, but they are actually very rare, while peritoneal implants have not been described.
The prognosis of these forms of BOTs in early stage is also very benign. [4, 22] 
Borderline brenner (transitional cell) tumors
Transitional cell tumors of the ovary account for 10% of all the epithelial ovarian neoplasm, they are usually benign while malignant and borderline forms have been described but are very uncommon.
Borderline Brenner (Transitional cell) tumors are also called Atypical Proliferative Brenner (Transitional cell) tumors, the mean age at presentation is about 69 years; they are usually unilateral and in stage I at the moment of diagnosis.
Macroscopically, they are cystic, quite large (mean diameter of about 20 cm) with papillary projections in the inner surface.
Histologically, they are characterized by a transitional urothelial like epithelium, with benign areas and parts with proliferation and atypia. No cases of intraepithelial carcinoma or microinvasion have been described in literature.
In immunohistochemistry these neoplasms are usually positive for CEA, EGFR, Ras and negative for p16, p53 and cyclin d.
The prognosis is very good, with only one lethal case of recurrence occurred 50 months after the primary surgery reported in literature. [4, 23] 
Diagnosis
The only certain diagnosis of BOT can be done by pathologists on the histological examinations, despite this, better understanding before surgery if an adnexal mass is benign, borderline or malignant is very important to decide if surgery is required and the surgical approach. The diagnosis of BOT can be suggested by the presence of certain symptoms, serum markers and image techniques patterns.
Symptoms
The range and type of symptoms claimed by BOT patients are similar to invasive cancer patients, 
Serum markers
Many studies tried to identify a serum marker that could distinguish BOT from invasive and benign ovarian tumors.
Ca-125 increases in BOT patients, less than in women with invasive cancer; anyway this marker is not so useful in the diagnosis especially because it can overlap between patients with stage I ovarian carcinoma or benign adnexal masses like endometriomas, abscesses or myomas and BOT patients. [27, 32, 33] Ca-125 can instead, be used in the follow up and to primarily assess the severity of the disease because several studies demonstrated that it increases more in advanced stage BOT than early ones. [34, 35, 36, 37, 38] Ca-19.9 increases in 18,8 -48,8% of patients, probably more in serous hystotype, [35, 39] , while Carcinoembryonic antigen (CEA) levels increases in 17% of patients and more in mucinous tumor. [35, 39, 40] Ca 72-4 increases in BOT with no differences within the hystotypes, anyway the levels of this serum marker are similar in patients with ovarian cancer. [35, 41] 
Ultrasound
Transvaginal ultrasound is well known to be an effective primary screening imaging technique in patients with adnexal masses to distinguish benign from malignant conditions.
Up to 63% of patients with BOT present on the ultrasound a cyst with papillae inside, but without solid patterns, septa or any other sign of complexity. [42, 43] BOTs appears on ultrasound images usually as:
• unilocular cyst with solid papillary projections (defined as any projections with a height greater than or equal to 3 mm) arising from the inner wall and with a positive ovarian crescent sign (Figure 4 , 5)
• cyst with a "honeycomb nodule", defined as a multilocular nodule mostly with a solid pattern with cystic areas arising from the inner cyst wall. ( Figure 6 ) [42, 43, 44, 45] 11% of these tumors can appear as simple anechoic cysts without any papillae, and up to 30% as cysts with septa. (Figure 7 ) [42, 43, 45] . For these reasons, neither the presence of papillae nor septa can be considered as sensitive sonographic markers of borderline tumors, in fact it has been shown that also benign tumors can contain papillae or septa. [42, 46] The ovarian crescent sign is defined as the presence of healthy ovarian tissue adjacent to the cyst wall seen on the ultrasound images as an hypoechogenic area with or without ovarian follicles that cannot be separated from the mass when applying pressure with the transvaginal probe; it has been shown that the presence of this sign can be used to exclude the diagnosis of invasive ovarian cancer. [47] Yazbek et al demonstrated that the presence of papillae and crescent signs are suggestive of a serous or endocervical hystotype while the presence of thick echogenic fluid and honeycomb nodules are suggestive of gastrointestinal hystotype, moreover Exacoustos et al found that the serous types seem to be smaller than mucinous. [43, 45] Yazbek et al conclude that the diagnosis of BOT with ultrasound can be achieved in 68.6%, more in serous or endocervical (75%) than in gastrointestinal hystotype (60%). [45] The role of Doppler ultrasound is still not clear in the diagnosis of BOTs, some authors found a difference in the resistance index and pulsatility index between BOT, benign tumors and invasive cancers, these indexes seem to gradually decrease with the grade of malignancy of the condition. [48, 49, 50] Otherwise, Tekay et al found no statistically significative differences in the resistance and pulsatility indexes values between invasive, borderline and benign ovarian tumors. [51] The vessel distribution within the tumor tissue has also been studied deeply but there are not still any clear conclusions, some authors demonstrated that BOT show similar vascular patterns to benign or malignant conditions. [42, 43, 49, 52] Exacoustos et al found that the flow was present respectively in benign, borderline and malignant tumors in 80, 97 and 100% of cases and that usually a peripheral vascularization is present mostly in benign masses, while intramural or intrapapillae flow is present mostly in borderline or malignant conditions. (Figure 8, 9 ) [43] The study of the distribution of the flow or the resistance and pulsatility indexes cannot be considered effective neither in the differential diagnosis between the different histotypes. [53] 
Figure 8. Flow distribution in BOTs
The use of contrast medium injected intravenously has been also suggested as a technique able to discriminate benign from borderline and malignant condition, a multicentre study including 10 cases of BOT and totally 89 patients with ovarian masses concluded that the use of second generation contrast agent like Sono Vue, Bracco, Netherland can be useful in the differential diagnosis between benign and malignant condition but not between borderline and benign ovarian masses. [54] 
Computerized tomography, magnetic resonance and positron emission tomography
Computerized tomography seems not to discriminate BOT from malignant ovarian tumors, it can recognize the complex architecture of BOT, but the tissue contrast is limited so that it is not so clear the contrast between the solid and cystic components of these tumors; the role of CT scan is then mostly limited to detect the presence of metastases and to estimate the FIGO stage. [55, 56] Magnetic Resonance is the best image technique to characterize borderline ovarian tumors. Bent et al described the appearance of BOT on MR images, and identified four morphological categories: unilocular cysts (19%), minimally septate cysts with papillae (19%), markedly septate lesions with plaque-like excrescences (45%) and predominantly solid with exophytic papillary projections (16%); they also concluded that MRI can be helpful in the differential diagnosis of BOT and in surgical planning. [57] In T1-and T2-weighted images BOTs solid tissues are usually intermediate in signal intensity and they demonstrate also enhancement after the administration of gadolinium-based contrast media. [57, 58, 59, 60] The enhancement pattern seems to be useful in the differential diagnosis between benign, borderline and invasive ovarian tumors. [61] In a series of 168 ovarian masses (23 BOT) Bazot et al estimated that the sensitivity and specificity of MRI for the diagnosis of BOT are 45.5% and 96.1%, respectively. [62] Positron emission tomography can increase the accuracy of other imaging techniques in the diagnosis of BOT.
Malignant cells use glucose to survive, for this reason invasive cancer are characterized on PET images by a higher uptake of 18F-fluorodeoxyglucose than both BOT and benign tumors that do not have a high glycolitic rate. [64, 65, 66, 67] Nam et al investigated the role of combined 18F-fluorodeoxyglucose positron emission tomography/computerized tomography (FDG-PET/CT) and found that it can be more accurate than ultrasound, CT and MRI in the differential diagnosis between BOT, benign and malignant ovarian cancer. [68] 
Treatment and follow up
Surgery represents the gold standard treatment and a complete surgical staging is mandatory and very important. Lin et al found out that only in 12% of cases the primary surgical stadiation is actually right. Moreover, BOTs are also difficult to diagnosed in frozen section, many apparent BOTs on frozen section are found to be frankly malignant in permanent sections (the correct diagnosis is achieved in 58-86%) of patients and it depends especially on the experience of the pathologists.
The surgical approach in the management of BOT is similar to the one used in the malignant forms and includes: total abdominal hysterectomy, bilateral salpinogo-oophorectomy, omentectomy, peritoneal washings, and multiple biopsies, including pelvic and pariaortic lymph nodes sampling for the stadiation.
In mucinous BOTs is strongly recommended to perform appendectomy and to carefully analyze the entire intestinal tract to exclude a gastrointestinal tumor.
Because of the excellent prognosis and the young age of these women the treatment is becoming always more conservative and fertility sparing surgery can be considered [69, 70] , it consists in ovariectomy or simple cystectomy.
Because 15% of patients who undergone unilateral salpingo oophorectomy develop a primary tumor in the preserved ovary [13, 71] the conservative approach should be considered carefully. In all cases a carefully inspection of the capsule to find any sign of rupture should be performed in case of fertility sparing surgery. Several reports suggest that the overall disease-specific survival rates between the radical e the fertility sparing surgical approaches are not different. [70, 72] Thus, it appears that young women who desire future fertility can be safety treated with fertility-sparing surgery without compromising their overall survival.
Barnhill DA et al suggested that a simple cystectomy should be performed only in selected cases if the tumor is in stage I, can be removed completely and is loosely attached. [73] The contralateral ovary must be carefully macroscopically inspected, but performing a biopsy is not recommended in order to avoid the occurrence of adhesions that can affect the future fertility capacity of the patient. Some surgeon suggest to women with BOTs who had undergone fertility sparing surgery to complete the radical surgery after the completion of childbearing.
BOTs in advanced stage should be treated with debulking surgery.
The role of adjuvant therapy is still not clear. At this time, there is no proven benefit from adjuvant therapy, even in advanced-stage disease and with the presence of invasive implants. [74] Generally, in absence of invasive implants, watchful expectancy should be considered, while adjuvant chemotherapy (usually platin based chemotherapy) should be offered to patients with invasive implants, with the persistence of residual tumor after surgery and in clinically progressive disease.
The follow up of these patients must be performed for more than 10 years after the primary treatment since long term recurrence (even after 20 years) have been observed especially in women who underwent a conservative surgical approach. The follow up should include pelvic and gynecological examinations, ultrasound and measurement of serum markers.
Our experience: 55 cases
Fifty-five women with borderline ovarian tumors were identified a tour institution from 1991 to 2011, median age at diagnosis was 40 years (range 13-79). The most common symptoms complained by patients at the moment of diagnosis were abdominal-or pelvic pain and discomfort. The tumor diameter ranged between 0.5 and 10 cm and 5.4% of patients presented ascites at the time of diagnosis.
Only in the 47% patients, [26] tumor markers were evaluated before primary surgery, specifically CA125 was higher in 13 (23.6%), CA19.9 in 2 (3.6%) and 4 patients (7.3%) presented with both of these markers increased.
Our expert pathologist in Gynecological oncology pathology found 33 serous, 18 mucinous, 1 endometrioid and 3 mixed borderline ovarian tumors.
All women underwent surgery as primary treatment, 72,8% with laparotomic approach, whereas 13 women (23.6%) underwent a laparoscopic one; in particular 20 patients (36.4%) had a total abdominal hysterectomy with bilateral salpingo-oophorectomy, 2 patients (3.6%) had a bilateral salpingo-oophorectomy with uterus sparing and the remaining 33 women [60%) performed a procedure strictly interested the ovary. Omentectomy was performed in 32 patients [58%) whereas para aortic lymph node dissection in only 1 patient and appendectomy in 17 patients (31%). Peritoneal biopsies were performed in 27 women (49%), peritoneal cytology in 29 cases (53%) and positive in only 2 (7%).
Forty-seven patients were in FIGO stage I (85.4%), most of these in IA stage (41 patients, 74.5%), 4 patients were in stage II (7.3%) and the last 4 patients in stage III (7.3%).
Fifty-four patients (98.2%) had no residual tumor after surgical procedure, while 1 patient (1.8%) had macroscopic residual tumor ≤2 cm in the ovary and peritoneal carcinomatosis.
After surgery only 2 patients (3.7%) were treated with adjuvant platinum-based combination chemotherapy for their stage IIC and IIIC; both patients achieved a complete response after treatment.
The other patients did not received any other treatment.
The median disease free survival and the 5-year survival rate of our patient population were 42 months (range 16-84) and 97%, respectively.
The statistical analysis performed with Kaplan Meier method and log rank test showed that the survival in patients who underwent fertility-sparing surgery did not differ from those who had a complete surgical staging (p=0.08). No significative differences were observed when comparing the different stages (Stage I-II vs Stage III; p=0.7), histological type (serous versus mucinous, endometrioid and mixed tumor; p=0.15), tumor size (> 10 cm vs < 10 cm; p=0.39), surgical approach (laparotomy vs laparoscopy; p=0.56), elevation of CA125 at diagnosis (positive vs negative marker; p=0.55).
Six patients developed a recurrence of the disease. All of them underwent a secondary laparotomy, four with a conservative approach and two with a complete surgical staging because of the presence of invasive implants. These two patients received then also chemotherapy. All the six women were alive with no evidence of disease with a median survival of 39 months.
We were able to obtain the fertility status of 16 patients who underwent a fertility-sparing surgery. Four of these women became pregnant and the rest of them had not a desire of childbearing at the time of their last follow up. One of these pregnancies was obtained by in vitro fertilization techniques, while the rest of them were spontaneous.
Conclusions
In conclusion, BOTs have an excellent prognosis of nearly 100% of survival rate.
Conservative fertility sparing surgery should be considered for women in the reproductive age group who desire preservation of fertility.
In any case, a long-term follow-up is highly recommended for these tumors because recurrences can occur several years after primary treatment.
